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I.  INTRODUCTION 


Several  problems  are  present  in  the  measurement  of  x-ray  spectra 
from  flash  x-ray  machines  and  plasma  pinches.  The  short  pulse  length, 
typically  50  nsec,  precludes  the  use  of  any  system  that  requires  pulse 
height  analysis  of  individual  photon?.  Furthermore,  some  plasma  pinch 
devices  exhibit  large  random  variations  in  intensity,  spatial  distributions, 
and  spectral  shape  from  shot  to  shot.  ^  An  effective  system  should  be  capable 
of  measuring  the  entire  spectrum  from  one  shot  while  sampling  the  radiation 

from  1  sq  deg  with  a  source  strength  of  the  order  of  IJ  over  4'ir  sr. 

2 

The  Ross  filter  or  balanced  filter  method  of  analysing  an  x>ray 
spectrum  is  well  suited  for  measuring  the  radiation  from  these  plasma 
pinch  devices.  Experience  has  shown  that  the  x-ray  intensity  from  these 
plasma  pinch  devices  is  sufficient  to  produce  usefiil  readings  on  commercial 
x-ray  film  or  silicon  diode  detectors  at  distances  ranging  from  0.  5  to  5  m 
from  the  x>ray  source.  When  film  is  used  as  the  detector,  each  Ross 
filter  pair  yields  the  Information  for  the  time  Integral  of  the  radiation  In 
a  discrete  energy  interval.  At  this  laboratory,  a  group  of  seven  Ross 
filter  pairs  was  mounted  on  a  film  cassette  to  obtain  spectra  of  x-rays 
emitted  by  a  plasma  focus  discharge. 

The  use  of  silicon  diode  detectors  in  conjunction  with  Ross  filters 
to  provide  the  information  for  a  time-resolved  spectrum  has  now  been 
demonstrated.  The  spectrum  of  the  x  radiation  under  investigation  was 


strongly  peaked  at  about  10  keV,  and  Ross  filter  data  were  obtained  in  the 
interval  from  5. 46  to  29.  2  keV.  The  energy  interval  can  be  extended  to 
115  keV  through  the  use  of  Ross  filters  fabricated  from  readily  available 


materials. 


II.  ROSS  FILTER 
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The  Ross  filter  *  *  or  balanced  filter  consists  of  two  foils  made 
from  elements  that  are  adjacent  or  nearly  adjacent  in  the  periodic  system. 
Adjustment  of  the  thicknesses  of  these  two  'sils  controls  the  amount  of 
radiation  transmitted  through  each  one.  This  amount  of  transmitted  radiation 
can  be  made  nearly  the  same  for  all  x-ray  energies  except  in  the  energy 
i*ange  between  the  absorption  K-edges  of  the  two  elements.  The  difference 
in  transmitted  x-ray  energy  is  then  a  measure  of  the  radiation  in  the  energy 
interval  between  the  two  K-edges.  The  highest  K-edge  available  is  that  of 
uranium  at  1 16  keV.  which  places  an  upper  limit  on  the  energy  range  for 
Ross  filters.  The  lower  limits  are  determined  by  the  difficulty  in  making 
uniform  foils^  of  filter  elements  that  will  transmit  measurable  amounts  of 
x-rays.  This  limit  occurs  at  approximately  1  keV.  In  addition  to  K-edges, 
L-edges  oi  various  elements  can  also  be  used  but  with  some  loss  of 
resolution. 

As  the  production  of  Ross  filters  is  already  well  de*«cribed  in  the 
literature,  it  is  not  necessary  to  go  into  detail  here.  A  Ross  filter  pair 
consists  of  two  elements  whose  thickness  ratio  meets  the  aforementioned 
criteria.  The  absolute  thicknesses  of  the  foils  can  be  varied  considerably 
for  various  applications,  but  their  ratio  must  remain  constant.  Because 
the  sensitivity  of  a  Ross  filter  pair  within  the  energy  range  between  the 
two  K-edges  is  a  function  of  the  absolute  thicknesses  of  the  elements,  a 


Ross  filter  system  may  be  tailored  to  match  the  sensitivity  of  the  detector 
used  with  them  in  order  that  the  response  of  the  filter-detector  system  is 
flat  in  the  K-edge  interval. 


III.  X-RAY  DETECTORS 


The  x-ray  detectorc  used  in  this  experiment  were  IZS-jxm  thick, 
fully  depleted,  double -diffused  silicon  diodes.**'  Spectral  sensitivity  curves 
for  these  detectors,  which  were  obtained  from  the  manufacturer,  were 
basically  the  energy  absorption  curve  for  a  125-|xm  thick  slab  of  silicon. 

With  the  diodes  operated  at  210  V  and  terminated  in  50  ohms,  the  peak 
signals  of  several  tens  of  volts  were  obtained.  This  is  well  above  the 
0. 01  V  noise  associated  with  the  operation  of  a  plasma  focus  device. 

For  each  Ross  filter  interval,  tw.o  filter  foils  were  used  with  two 
silicon  diodes.  The  detectors  were  placed  near  each  other  so  that  both 
were  irradiated  by  substantially  the  same  radiation.  This  is  important, 
because  in  this  experiment  there  were  large  spatial  variations  in  the  x-ray 
fluence.  Any  radiation  in  the  interval  measured  by  the  Ross  filter  pair 
produces  a  difference  in  the  output  signal  from  each  of  the  two  detectors. 
Both  signals  can  be  displayed  and  photographed  on  a  fast  oscilloscope,  and 
the  difference  between  the  two  signals  can  be  obtained  by  subtraction  of  the 
ordinates  of  the  two  traces  t  j  obtain  the  time  history  of  the  x-ray  signal 
in  that  particular  Ross  filter  interv^*!.  This  method  has  the  advantage  of 
preserving  the  total  x-ray  signal  information  so  that  it  can  be  compared  with 


*Solid  State  Radiations,  Inc, ,  Model  No,  025-NPS-300 
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the  x-ray  signal  in  the  Ross  filter  interval.  The  limiting  factors  here  are 
the  rise  times  of  the  silicon  diode  and  the  oscilloscope,  both  of  which  were 
of  the  order  of  2  nsec. 

An  alternate  method  is  shown  in  Fig.  1.  The  signals  from  the  two 
diodes  are  "subtracted"  electronically  by  means  of  a  differential  amplifier 
whose  output  is  displayed  on  the  oscilloscope.  While  this  method  is  far 
simpler  to  use,  some  information  was  lost  because  of  the  amplifier’s  long 
rise  time  of  1  5  nsec.  Wiv'h  a  fast  amplifier,  this  problem  can  be  eliminated. 
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Fig.  1.  Ross  Filter  •  Silicon  Diode  Radiation  Measuring  System 


IV.  EXPERIMENTAL  RESULTS 


The  output  signals  from  a  pair  of  diodes,  one  with  an  iron  filter  and 
the  other  with  a  copper  filter,  are  shown  in  Fig.  2.  This  Ross  filter  pair 


covers  the  energy  interval  from  7.  11  to  8.  89  keV  in  which  is  found  the 
K^j,  K^2*  ^pi'  1^”®  radiation  from  copper.  These 

diodes  were  exposed  to  the  radiation  from  a  plasma  focus  device  that  had 


a  copper  anode,  with  the  radiation  being  substantially  that  of  an  x-ray  tube 
operated  at  approximately  20  kV«  As  seen  in  Fig.  2,  there  is  a  strong  burst 
of  fluorescence  radiation  in  the  7,11  to  8.98  keV  interval  that  varies  differ¬ 


ently  in  time  than  the  continuum  radiation.  This  fluorescence  radiation  is 
believed  to  be  associated  with  a  cloud  of  copper  vapor  that  is  ejected  from 
the  anode  tip  shortly  after  the  plasma  focus  occurs. 


TIME,  nsec 


F*ig.  2.  Typical  Oscilloscope  Traces  Obtained  from  Ross  Filter 
Silicon  Diode  System 


V.  CONCLUSIONS 


The  use  of  silicon  detectors  in  conjuction  with  Ross  filters  is  a 
simple  and  practical  solution  to  the  problem  of  measuring  the  time -resolved 
spectrum  from  some  fast  x-ray  pulses.  This  system  employs  readily 
available  materials  to  measure  an  x-ray  spectrum  whose  time  duration  is 
too  short  for  pulse  height  analysis  of  individual  photons  and  whose  intensity 
is  too  low  for  fluorescence  detection  techniques. 
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